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DESIGN OF THE HIGH RESOLUTION SPECTROMETER BENDING MAGNETS FOR LASL '~
Egon Hoyer a nd J ac k Gunn Lawre nc e Berkeley L a boratory Berke l ey, California
Abstract
The bending magnet design of the LASL High R e solution Spectrome t e r is presented. Design requirements a nd considerations are given. The novel magnetic design of the central portion and ends of the magnet are briefly explaine d. Magnet parameters and mechanical design featur e s are disc uss ed.
Introducti on
One of the instr uments de signe d for the Los Alamos MediumPhysics Facility (LAMPF) is a very large magnetic spect rometer know n as the High Resolution Spect ro meter. The H igh Resolution Spect rometer, or HRS, is a quadr upole -two bending magnet syste m (QD D ) with a vertical disp er sion p l ane and a r esolution of 50 kV for 800 MeV particles. The magnet system is a z imuthally positionable a bout a vertical axis which runs through the spe ctrometer t a rg e t. 1 A model of the HRS installed in a h e mispherical underground conc rete structure is shown in Fig. 1 . The two large bending magnets, each w e ighing 264,000 lb, are shown supported in the rotatable structure . Centers of gravity of these b e nding magnets are 12 and 29 feet a bove the experimenta l h a ll floor le ve l which gives an idea as to the size of this instrument.
Design Requir e m e nts and Considerations
The basic design requirements for the HRS bending magne ts specified by LAMPF are give n in Table I . Variation of the field line integ ral over a ll paths through the magnet 2 parts in 10 5
Also, the follow ing adjustable field trimmin g capabilities were specified :
1.
Dipole fi e ld l e vels over eac h magnet thir d (25 d eg of arc) to be independently adj ustab l e .
2.
Sextupole (0.2% of the nominal field at m aximum aperture) and quadrupo l e (0.2% of the nominal field a t maximum aperture) corrections also to be indepe ndently adjustable distributed over eac h magnet third.
A number of conside r a tions had to be taken into acc ount a long with the design requirements for the b e nding m ag ne t s. The magnets ultimately have to b e installed in a structure in a confining " Igloo. II Crane capabiliti es available for installation of the se b e nding magnets in the I gloo limits the size of anyone piece to 50 000 lb.
It follows that the magnet design must a llow for piecemeal installation of the magnets into the rotatable structure. Magnet size is an important conside ration only as far as overall cost is concerned.
Design Central Portion of Magnet
To achieve a field uniformity of a few parts in 10 5 in the c e ntral portion of an iron pole magnet requires machining and positioning tolerances of t he same ord er . Presently available machine tools are inc apable of economically achieving these tolera n ces for the large pole tips of the HRS bending magnets, which makes this type of des i gn unattractive. j.
To achieve the specified field integral tole rance for the bending magnets a novel approach conceived and developed by Klaus Halbach, Lawrence Berkeley Laboratory, has been pursued. Briefly, the scheme is as follows: Fabricate the magnet to conventionally achievable tolerances nominally one part in 10 3 for the bending magnets. Corre ct the field inhomogeneitie s by appropriately energizing correcting windings placed in slots behind the pole faces. 2 The net effect of energizing a correcting winding is to change the tangential field component on the pole face in the region closest to the correcting winding slot. This effect in turn changes the field distribution in the magnet gap. Not only can the se correcting windings correct the aperture field inhomogeneitie s, but they can also introduce small distributed quadrupole, sextupole, and higherorder field components to the aperture field. A test magnet using the above scheme of correcting windings has been built and tested at LASL. Results indicate that the correcting windings work as predicted.
The iron configuration and placement of correcting windings developed for the HRS bending magnets is shown in Fig. 2 . Correcting winding effects were studied in detail with MIR T3 for the configuration shown. 4 Computer runs showed that correcting windings could modify saturation effects in the aperture field and small distributed sextupole field s could be introduced. The pole tip profile was optimized for infinite , permeability with the computer program MIR T. Three half gaps .of overhang were required from the edge of the aperture to the wall of the vacuum chamber.
A side view of the upper bending magnet core with the main coil and field terminators is shown in Fig. 3 . The requirement of having adjustable quadrupole and sextupole fields over each 25 deg or arc necessitated three sets of correcting windings. The lead slots for the correcting windings are shown coming through the yoke on the side of the magnet.
To adjust the dipole field over each 25 deg of arc coils can be wound around the inner and outer legs of the yoke. Actually, trimming windings are only necessary for the first and last 25 deg arc sections of the magnet; the central portion of the field can be adjusted by varying the excitation in the main coil.
Magnet Ends
For the two HRS bending magnets, field boundaries were specified for each end of each magnet a s curve s which included corre ctions to the fourth order in the beam dynamics.
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The two parts in 105 tolerance on the field integral makes the design of the ends difficult. It is imperative to have adjustability in the ends primarily because it is not possible, from a practical point of view, to machine and position end tips to the tolerances indicated.
To achieve the specified effective field boundaries within tolerance, Klaus Halbach suggested the following approach:
1. Machine first and second order corre ctions into the pole end s with normal machining tolerances.
2.
Third and fourth order corrections for one field level are obtained by use of the field terminators in the following modes.
a. Movement of the entire field terminator.
b. Movement of individual nose sections of the field terminator.
3.
Corrections for saturation over the design field range are accomplished by energizing coils wrapped around the field terminators between the nose sections and around the return legs.
The machined pole end corrections are concave or convex circular arcs when viewing the dispersion plane of the magnet (see Fig. 3 ). Looking at the magnet end sectional view, Fig. 4 , the circular arcs follow a radius equal to 0.83 gaps. This radius allows the effective Jield boundary movement to be very insensitive to different magnet field levels. 5
It also follows that the above -indica ted use s of the field terminators can also be used to make some corrections to the beam optics. If necessary auxiliary coils can be placed in the. regions bounded by the yoke, main coils, field terminators and aperture. Energizing these coils can move the effective field boundary.
To give some idea of the flexibility of this scheme, field terminator sensitivity coefficients for the geometry shown in Fig. 4 are given in Table II. 5 Parameters Magnetic and engineering design parameters for the High Resolulion Spectrometer are given in detail in Table III. The magnetic de sign parameters were obtained in part from computer -5 -studies using MIR T and POISSON 7 and the engineering parameters were selected for a suitable engineering design. The integral vacuum tank -pole tip configuration shown in Fig. 2 evolved as the minimum cost configuration for the bending magnets. A separate vacuum chamber undoubtedly would be more reliable but the increase in cost of the magnet and power supplies could not be justified.
Vacuum Chamber
Accordingly, the vacuum chamber was designed as a vessel having only four "walls" with gasketing so arranged that the top and bottom "walls" were the pole tips themselves. The predicted radiation levels were low enough and the vacuum requirements not stringent, permitting the use of relatively soft elastomeric gasketing. Hycar rubber, 55 Shore hardness material was selected for gasketing material.
The major difficulty with this design is that repair of a leaky gasket requires costly disassembly of the magnet. To reduce the probability of such a leak, all joints were double gasketed with "pump outs" for the space between gaskets. This arrangement has been used for many years at LBL with excellent reliability. The yoke steel assembly shown in Fig. 3 evolved primarily from rigging considerations; the weight of any piece of steel was limited to a maximum weight of 50,000 lb. Basically, the core is held together with the inner and outer legs which extend the full length of the magnet. The side yoke sections, three on each side, attach to the inner and outer legs. The pole tips are attached to the side yoke sections. For ease of assembly, radial positioning is achieved with shoulders and dowels are used for azimuthal locating. Figure 2 shows the shoulders and dowels.
Pole tip steel was specified as AISI Type 1008, fully killed and vacuum degassed. 9 Core steel was of the AISI Type 1010 and a fully-killed variety. 10 -7 -Because of the cylindrical nature of the bending magnets, the best type of machine tool for fabrication of the bending magnets is a vertical boring mill. Locating large enough and available machines of this type did take some effort. Eventually, ten were located, six in the United States, two in Japan, and one each in both Germany and Sweden.
